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(57) ABSTRACT

A system comprising a first frequency divider to divide an
input frequency of an input signal to generate a first signal
having a first frequency and a first phase. Each of a plurality
of second frequency dividers divides the input frequency of
the input signal to generate a second signal having the first
frequency and a second phase. A first switch includes a first
end connected to a first node of the first frequency divider, and
a second end connected to a second node of a first one of the
plurality of second frequency dividers. A plurality of second
switches include first ends connected to the second end of the
first switch, and second ends respectively connected to the
second nodes of the plurality of second frequency dividers
other than the first one of the plurality of second frequency
dividers.

20 Claims, 16 Drawing Sheets

200

Frequenc'y Divider
LOQ n
LOI_n
DD CC
SwW SW
| |
CK_b
[ M [ S
CK
sw] sw ]
BB AA
LOIp
LOQ_p




US 9,325,541 B2
Page 2

(60)

(1)

(56)

Related U.S. Application Data

Provisional application No. 61/480,335, filed on Apr.
28, 2011, provisional application No. 61/368,935,
filed on Jul. 29, 2010, provisional application No.
61/826,235, filed on May 22, 2013.

Int. Cl1.

HO3B 19/00 (2006.01)
HO3K 23/66 (2006.01)
HO3K 21/10 (2006.01)
HO4W 52/36 (2009.01)

References Cited
U.S. PATENT DOCUMENTS

7,109,803 B2 9/2006 Rebel
7,409,192 B2 8/2008 Lombardi et al.
7,622,996 B2 112009 Liu

8,188,776 B2 5/2012 Kumagai

8,339,175

8,847,638
2006/0025095
2009/0091361
2009/0267657
2011/0012648
2012/0027121

B2 12/2012 Liuetal
B2* 9/2014 Chanetal. ................. 327/118
Al 2/2006 Rafi
Al 4/2009 Korpi et al.
Al* 10/2009 Sunetal. ......cccooeenin. 327/141
Al 1/2011 Qiao et al.
Al 2/2012 Gerna et al.
OTHER PUBLICATIONS

Chinese Office Action dated Sep. 22, 2014 for Chinese Application
No. 201180043792.5; 6 Pages.
The International Search Report and Written Opinion of the Interna-
tional Searching Authority dated Dec. 20, 2011, for corresponding
International Application No. PCT/IB2011/001760, 15 pages.

The International Search Report of the International Searching
Authority dated Jan. 13, 2015, for corresponding International Appli-
cation No. PCT/IB2014/061605, 7 pages.

The Written Opinion of the International Searching Authority dated
Jan. 13, 2015, for corresponding International Application No. PCT/
IB2014/061605, 7 pages.

* cited by examiner



US 9,325,541 B2

Sheet 1 of 16

Apr. 26,2016

U.S. Patent

Yy Jolid

gl "Old

morlkl\+/

<{]

BNPOIN
Joydwy 1amod

moel\_

44"

ONTJ w:J

| na F oso|

0

anpow
Buisss00id
puegsseq

X
ETV:\

3|NpoA J8BAU0dN

0Lt

2]

NoTl\

0L )\
JopIUsURS |
00t S
My Joud
3INpo| 9INpo
‘_mw_u_m:ﬁ\ SInPoN mc__meo.%i
‘_w_\son_ Jspeucodn bc_mawmmm
0L lﬁ 20l Lﬂ
901 — Joplusues |
004 S




US 9,325,541 B2

Sheet 2 of 16

Apr. 26,2016

U.S. Patent

Ve 'Old

b-9G1
A)f

J8pindg
Aousnboiy

XNy puooss

J/ping
Aousnbsi

Xny 84

BINPO 00D

JapiNg
Aousnbaig
U

Japinig Aousnbaiy

ze1 -

Japuisues |

om«t\




U.S. Patent Apr. 26,2016 Sheet 3 of 16 US 9,325,541 B2

C!C‘ Q'QD-[
C = =
S 3 S 3
L]
w

[®]

(&)

= =

7] w

200
FIG. 2B

Frequency Divider
[>o
[>o

BB

M

DD

Sw
Sw

CK b



US 9,325,541 B2

Sheet 4 of 16

Apr. 26,2016

U.S. Patent

d 0o
d7101
U107
u D01

3¢ Old

@mmlﬁ

SNPOY J0NUOD

.

A 4

re

TS KS

il

ad

20
(x1)
Jepmg
Aouonbaig
Areyixny
44d

v

852,

092 -

MS

-

aa

9 (x2)
JopINg
Aousnbai4
ue

ag W

VY

MS

]

AD

9 X0

18ping Aduanbaiy

062




US 9,325,541 B2

Sheet 5 of 16

Apr. 26,2016

U.S. Patent

018
N-OLE J, d
U _ |
J8pIMG 18pING 18piNg
fousnbaig | ee-e- | fousnbaiy | L Aousnbery p-i-0ie
xnY N -0LE—_| XNV puoosg XNy 18414
MS = e MS MS
FCnzie zzie— V2o
| Zig-
(4omod ybiH)
IBXIN PUODSS SNPO |011U0D
g0e
_ 1 e
J8pinG
A‘M\M,_on_ #o) MS Aouanbaiy
IN 184 e
9ie 5 80¢ S .
y0E u\ Jeping Aouanbalty

Japiwisued j

- 20€

AD

- 00€




US 9,325,541 B2

Sheet 6 of 16

Apr. 26,2016

U.S. Patent

g¢ "old

sisping
OXIA Aousnbaiq
puooeg Kieiixny
90¢ S 0i¢g S
SAUOIMG
cle S
Jsping
Kouanbai4
80¢ S U
JBXiIN st
g
yoe Jepusuel
L..00€




US 9,325,541 B2

Sheet 7 of 16

Apr. 26,2016

U.S. Patent

¥ 'Old

JOXIIN 18414 N JOXIN pUOdag

90¢€ SaYOUMS

218
96¢ Jﬁ 26¢e Jﬁ
Jayng piyL Jayng puoosg JOPINQ pUodsg Jeyng isdi4 49PINC ys i
8G¢E S PS¢ H 0se S
BINPONy
uofos|eg

Japinig Aouanbai4 ue

80€

MO



US 9,325,541 B2

Sheet 8 of 16

Apr. 26,2016

U.S. Patent

JOXIN puooag
90¢ S

g "9Old

SOUOIMS

2ieS

lagng puoosg

28¢
|ﬂ

98¢ S

JBpIn pUOag

seyng 18414

wmmlﬁ

JopING 18114

owmu\

mBpng Aousnbal 4 Aelixny

9INPON
uonosleg

1-0LE

AD



US 9,325,541 B2

Sheet 9 of 16

Apr. 26,2016

U.S. Patent

9 'Old

-
Y W

8¢

20 vvad ad 00 vvgd dad
u 001 u DO GO
TTeY! g YTV TY YTV U0
d oo d 001
d 101 WO F——— ] d7101 MO

1BpIAIQg pUodes Nt Jeping 1sii4

08¢t
Bping Aousnbal 4 Arelixny
1-o1e—
QTN_‘m.....".,., .m.--.a---- eam“ ® o6 &6 o elzlE
s L N

C]OOR_ WY

u 107

d Do
dTio7

30 wwad ad

4 A0

MO
JBpIAICT PUODBS

\I 2s¢e

Jsopng Aousnbai4 uep

00 vv @d aa
U 0"

- gD
u 101
d o001
dT101 M0
JBpIAIT 1814

omml\\

80¢ g

MO



U.S. Patent

400 1

4

Apr. 26,

402
Start

2016

Turn on only
main divider at
power on

4

Drive mixer
with clock
outputs of

main divider

High power?

408

Sequentially
410 short FF
outputs of

main divider

End
with FF

outputs of first
aux. divider

i
g

More power

It aux. divider
used?

414

416

Sequentially
short FF
outputs of
main divider
with FF
outputs of next
aux. divider

j—418

FIG. 7

Sheet 10 of 16

4501

452

Turn on only f454
main divider at
power on

!

Drive LP mixer
with clock | 748
outputs of

main divider

458

High power?

Connect first 462
460 | aux. dividerin |f
y paraitel to main

< End divider

A 4

Drive HP mixer
with combined f464
clock outputs
of main and
aux. dividers

-

Y

466

More power?

468

All aux. divider:

Connect next

aux. divider in [ J/7 470

parailel to main
divider

I——

FIG. 8

US 9,325,541 B2



US 9,325,541 B2

Sheet 11 of 16

Apr. 26,2016

U.S. Patent

aiNpo
Buissasoid
pus-juoi4

y0S S

gls n
Jox
5 IN
o 819
mcmw%mw%a 080 [— A 06-
_uc.mpmwmm 3m|\ @El\ 4|_
_ JoXIN
ors—/
SINPOI JSLBAUOIUMO(]
80G S 905 IL
ajnpow
mc__wmnmooi SINPOIN @.w_wwww_w_a
Uc.maommm JOHBAUOOUMO(] cr._m-Eo.i
905 R 09 lﬁ
805 - Janeo8Y
009 S

\T s

g6 Old

V6 'Old



US 9,325,541 B2

Sheet 12 of 16

Apr. 26,2016

U.S. Patent

ND o eeeeseeenee — =D =20 ge)
ZLE
-2 «mR
Joping J8ping 18pING Japing J8ping
bosgxny| 0 T ‘bai4 xny ‘baig xny "boig xny ‘baig ute
z-oﬁm»\ﬁ m-orml\ﬂ N-opmn\ Toem»\ﬂ mom[ﬂ

Japiag Aousnbei4

2o¢g S




US 9,325,541 B2

g01 'Old

Sheet 13 of 16

Apr. 26,2016

-1 vZO -1 _mU FNO -1 :O

_ Nro

e \ ﬁ:émm /Jrf-ﬁm

Z } Z } Z } Z } Z l
epwag | JapiNg Jeping Jepng JBpIAIQ
‘boi4 xny ‘bai4 xny ‘baig xny ‘boi4 xny ‘baig uepy
2-9@;\ m-opml\ﬁ N-opmlﬁ P-oemlﬁ momlﬂ

Japing Aousnbaiy

U.S. Patent

20¢€ S




US 9,325,541 B2

Sheet 14 of 16

Apr. 26,2016

U.S. Patent

Vil "Old

==ND e — <D — D =0
. Noon
R AR Jf ooo..\
AR
epwNa | JspiNg J8piNg JBping BpINg
‘bai4 xny ‘bai4 xny ‘bai4 xny ‘bai4 xny ‘bai4 uiep
z-oPmLﬂ m-ormlﬁ N-o_‘mR Toemn\ moml\ﬂ

Japing Aousnbal 4

20¢ B




US 9,325,541 B2

Sheet 15 of 16

Apr. 26,2016

U.S. Patent

= FZ.U E= me E= FNO E= Z.U
IINZOII IIN@OII IINNQ B IINFOII
z-009—_ _E-NSN 1-009-"
2209 S
ZLE - / / / L-209
L ey
BL-ClE
Z } 4 } Z L Z } Z 2
epwg | Joping JopiNg Jopng JpIAg
"bai4 xny ‘bat4 xny ‘baig xny "boi4 xny "baig ulepy
2-081\« m-oemlﬁ N.n;m!h Toemn\ﬂ momlﬂ

Japing Aouenbol4

20¢€ S




U.S. Patent Apr. 26, 2016 Sheet 16 of 16 US 9,325,541 B2

650
( Start ) f

A 4

Connect a first end of a first switch j—652
to a node of a main frequency
divider

A 4

Connect a second end of the first f—654
switch {0 a node of a first auxiliary
frequency divider

Y

Connect first ends of a plurality of j~656
switches to the second end of the
first switch

A 4
Connect second ends of the

plurality of switches to respective f 658

nodes of a plurality of additional
auxiliary frequency dividers

A 4

Connect none of the auxiliary
frequency dividers to the main j. 660
frequency divider in low-power

mode

A 4

In high-power mode, initially close )’_662
the first switch, then sequentially
close the plurality of switches

End

FIG. 12



US 9,325,541 B2

1
MODULAR FREQUENCY DIVIDER WITH
SWITCH CONFIGURATION TO REDUCE
PARASITIC CAPACITANCE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. patent
application Ser. No. 13/892,818, filed on May 13, 2013,
which is a continuation of U.S. patent application Ser. No.
13/194,089, filed on Jul. 29, 2011 (now U.S. Pat. No. 8,442,
562), which claims the benefit of U.S. Provisional Applica-
tion No. 61/368,935, filed on Jul. 29, 2010 and U.S. Provi-
sional Application No. 61/480,335, filed on Apr. 28, 2011.
This application claims the benefit of U.S. Provisional Appli-
cation No. 61/826,235, filed on May 22, 2013. The entire
disclosures of the above applications are incorporated herein
by reference.

FIELD

The present disclosure relates generally to communication
systems and more particularly to modular frequency dividers
used in transmitters that use switch configurations to reduce
parasitic capacitance.

BACKGROUND

The background description provided herein is for the pur-
pose of generally presenting the context of the disclosure.
Work of the presently named inventors, to the extent the work
is described in this background section, as well as aspects of
the description that may not otherwise qualify as prior art at
the time of filing, are neither expressly nor impliedly admitted
as prior art against the present disclosure.

Referring now to FIG. 1A, a transmitter 100 of a wireless
device is shown for example only. The transmitter 100
includes a baseband processing module 102, an upconverter
module 104, a power amplifier module 106, and an antenna
108. While a single antenna is shown, the transmitter 100 may
include multiple antennas. For example only, the multiple
antennas may be arranged in a multiple-input multiple-output
(MIMO) configuration. The baseband processing module
102 generates baseband signals that include data to be trans-
mitted by the transmitter 100. The upconverter module 104
upconverts the baseband signals to radio frequency (RF) sig-
nals. The power amplifier module 106 amplifies the RF sig-
nals and transmits the amplified RF signals via the antenna
108.

Referring now to FIG. 1B, an example of the transmitter
100 is shown. The baseband processing module 102 outputs
an in-phase (I) signal and a quadrature phase (Q) signal that
include the data to be transmitted by the transmitter 100. The
upconverter module 104 includes low-pass filter (LPF) mod-
ules 110 and 112 to remove high-frequency noise in the I and
Q channels, respectively. The filtered I and Q signals are input
to mixers 114 and 116. The mixers 114, 116 may be called
I-channel and Q-channel mixers (or I and Q mixers), respec-
tively.

The I and Q mixers 114, 116 upconvert the [ and Q signals
from baseband frequency to radio frequency (RF). The I and
Q mixers 114, 116 are driven by clock signals having a pre-
determined reference frequency. The clock signals are gen-
erated by a local oscillator (OSC) 118, a frequency divider
(DIV) 120, and a -90° phase shifter 121. A summer 122
combines upconverted RF outputs of the I and Q mixers 114,
116 into a signal that is input to the power amplifier module
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2

106. The power amplifier module 106 amplifies the signal and
drives the antenna 108, which transmits the signal.

SUMMARY

A system comprises a first frequency divider, a plurality of
second frequency dividers, a first switch, and a plurality of
second switches. The first frequency divider is configured to
divide an input frequency of an input signal to generate a first
signal having a first frequency and a first phase. The plurality
of'second frequency dividers are each configured to divide the
input frequency of the input signal to generate a second signal
having the first frequency and a second phase. The first switch
includes a first end connected to a first node of the first
frequency divider, and a second end connected to a second
node of a first one of the plurality of second frequency divid-
ers. The plurality of second switches include first ends con-
nected to the second end of the first switch, and second ends
respectively connected to the second nodes of the plurality of
second frequency dividers other than the first one of the
plurality of second frequency dividers.

In other features, the first frequency divider includes a first
plurality of components connected to the first node, and each
of the second frequency dividers includes a second plurality
of components connected to the second node.

In other features, the first plurality of components of the
first frequency divider has a first area, and the second plurality
of components of each of the second frequency dividers has a
second area that is less than the first area.

In another feature, the system further comprises a control
module configured to sequentially connect the plurality of
second frequency dividers in parallel to the first frequency
divider by initially closing the first switch and subsequently
closing one or more of the plurality of second switches.

In another feature, in response to the control module con-
necting the plurality of second frequency dividers to the first
frequency divider, the second phase of the second signal
generated by the plurality of second frequency dividers
matches the first phase of the first signal generated by the first
frequency divider.

In other features, the first frequency divider includes a third
plurality of components connected to a third node, and each
of'the plurality of second frequency dividers includes a fourth
plurality of components connected to a fourth node. The
system further comprises a third switch including a first end
connected to the third node, and a second end connected to the
fourth node of the first one of the plurality of second fre-
quency dividers. A plurality of fourth switches include first
ends connected to the second end of the third switch, and
second ends respectively connected to the fourth nodes of the
plurality of second frequency dividers other than the first one
of' the plurality of second frequency dividers.

In another feature, the control module is configured to
initially close the third switch with the first switch and close
one or more of the plurality of the fourth switches respec-
tively with the plurality of second switches.

In other features, the first and third plurality of components
of the first frequency divider has a first area, and the fourth
plurality of components of each of the second frequency
dividers has a second area that is less than the first area.

In other features, in response to the control module not
closing the first switch and the plurality of the second
switches, a capacitance at the first node includes a parasitic
capacitance of only the first switch. In response to the control
module not closing the third switch and the plurality of the
fourth switches, a capacitance at the third node includes a
parasitic capacitance of only the third switch.
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In other features, the system further comprises a mixer
configured to upconvert a transmit signal using a clock signal.
The clock signal includes the first signal generated by the first
frequency divider and the second signal generated by the one
of the second frequency dividers.

In other features, each of the first and second frequency
dividers is further configured to divide the input signal by a
first factor when the transmit signal is transmitted in a first
frequency band, and divide the input signal by a second factor
when the transmit signal is transmitted in a second frequency
band. The second factor is different than the first factor, and
the second band is different than the first band.

In other features, the system further comprises a first mixer
configured to upconvert a transmit signal using a first clock
signal. The first clock signal includes the first signal gener-
ated by the first frequency divider. A second mixer is config-
ured to upconvert the transmit signal using a second clock
signal. The second clock signal includes the first signal gen-
erated by the first frequency divider and the second signal
generated by each of the plurality of second frequency divid-
ers connected to the first frequency divider. The control mod-
ule is configured to activate only the first mixer when the
transmit signal is transmitted at a first power level, and to
deactivate the first mixer and activate the second mixer when
the transmit signal is transmitted at a second power level that
is greater than the first power level.

In other features, the first mixer includes components hav-
ing a first area, and the second mixer includes components
having a second area that is greater than the first area.

In another feature, a number of the second frequency divid-
ers connected in parallel to the first frequency divider depends
on the first and second power levels.

In still other features, a method comprises generating a first
signal having a first frequency and a first phase by dividing an
input frequency of an input signal using a first frequency
divider, and generating a second signal having the first fre-
quency and a second phase by dividing the input frequency of
the input signal using a plurality of second frequency divid-
ers. The method further comprises connecting a first end of a
first switch to a first node of the first frequency divider, con-
necting a second end of the first switch to a second node of a
first one of the plurality of second frequency dividers, con-
necting first ends of a plurality of second switches to the
second end of the first switch, and connecting second ends of
the plurality of second switches respectively to the second
nodes of the plurality of second frequency dividers other than
the first one of the plurality of second frequency dividers.

In another feature, the method further comprises sequen-
tially connecting the plurality of second frequency dividers in
parallel to the first frequency divider by initially closing the
first switch and subsequently closing one or more of the
plurality of second switches.

In another feature, in response to connecting the plurality
of'second frequency dividers to the first frequency divider, the
second phase of the second signal generated by the plurality
of second frequency dividers matches the first phase of the
first signal generated by the first frequency divider.

In another feature, in response to not closing the first switch
and the plurality of the second switches, a capacitance at the
first node includes a parasitic capacitance of only the first
switch.

In another feature, the method further comprises upcon-
verting a transmit signal using a clock signal. The clock signal
includes the first signal generated by the first frequency
divider and the second signal generated by the one of the
second frequency dividers.
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In other features, the method further comprises dividing
the input signal by a first factor when the transmit signal is
transmitted in a first frequency band, and dividing the input
signal by a second factor when the transmit signal is trans-
mitted in a second frequency band. The second factor is
different than the first factor, and the second band is different
than the first band.

Further areas of applicability of the present disclosure will
become apparent from the detailed description, the claims
and the drawings. The detailed description and specific
examples are intended for purposes of illustration only and
are not intended to limit the scope of the disclosure.

BRIEF DESCRIPTION OF DRAWINGS

The present disclosure will become more fully understood
from the detailed description and the accompanying draw-
ings, wherein:

FIG. 1A is a functional block diagram of a transmitter;

FIG. 1B depicts an example of a transmitter;

FIG. 2A is a functional block diagram of a transmitter
including a main frequency divider and a plurality of auxil-
iary frequency dividers;

FIG. 2B is a functional block diagram of a frequency
divider of a transmitter;

FIG. 2C is a functional block diagram of a frequency
divider including two frequency dividers that can be used in
parallel to increase or decrease the size of the frequency
divider;

FIG. 3A is functional block diagram of a transmitter
including a frequency divider and two mixers;

FIG. 3B is a simplified block diagram of the transmitter of
FIG. 3A,;

FIG. 4 is a functional block diagram of the main frequency
divider of FIG. 3A;

FIG. 5 is a functional block diagram of an auxiliary fre-
quency divider of FIG. 3A;

FIG. 6 depicts connections between the main frequency
divider and an auxiliary frequency divider of FIG. 3A.

FIG. 7 is a flowchart of a method for connecting outputs of
main and auxiliary frequency dividers;

FIG. 8 is a flowchart of a method for connecting multiple
frequency dividers in parallel;

FIG. 9A is a functional block diagram of a receiver;

FIG. 9B depicts an example of a receiver;

FIG. 10A is a simplified block diagram of the frequency
divider of FIG. 3A showing general connections between a
main frequency divider and a plurality of auxiliary frequency
dividers;

FIG. 10B is a simplified block diagram of the frequency
divider of FIG. 3A showing connections between two nodes
of'the main frequency divider and two nodes of a plurality of
auxiliary frequency dividers;

FIG. 11A is a simplified block diagram of the frequency
divider of FIG. 3A showing modified connections between a
main frequency divider and a plurality of auxiliary frequency
dividers;

FIG. 11B is a simplified block diagram of the frequency
divider of FIG. 3A showing modified connections between
two nodes of the main frequency divider and two nodes of a
plurality of auxiliary frequency dividers; and

FIG. 12 is a flowchart of a method for connecting the main
frequency divider and a plurality of auxiliary frequency divid-
ers to reduce parasitic capacitance at a node of the main
frequency divider.

DESCRIPTION

Referring now to FIG. 2A, a transmitter 150 including a
frequency divider 152 is shown. The frequency divider 152
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includes a main frequency divider 154 and a plurality of
auxiliary frequency dividers (e.g., a first auxiliary frequency
divider 156-1, a second auxiliary frequency divider 156-2,
and so on (collectively auxiliary frequency dividers 156)),
and a control module 158. The control module 158 turns on
the main frequency divider 154 when the transmitter 150 is
turned on. As the power requirement increases, the control
module 158 turns on one or more of the auxiliary frequency
dividers 156.

Phase noise is an important consideration in transmitter
design. Phase noise is a frequency-domain representation of
rapid, short-term, random fluctuations in a phase of a wave-
form caused by time-domain instabilities (jitter). Generally,
in the analog domain, phase noise refers to phase noise of an
oscillator, whereas in the digital domain, phase noise refers to
jitter of a clock.

When a transmitter is set to operate at a maximum output
power level, phase noise performance at frequencies far away
from a carrier frequency of the transmitter can adversely
impact data transmitted by the transmitter. Often, however,
transmitters operate at power levels below maximum output
power levels, where phase noise performance can be relaxed.

In most transmitters, local oscillators include a crystal
oscillator, which generates a signal at a natural frequency of
the crystal oscillator (typically few tens of a megahertz), a
Phase-Locked Loop (PLL) that generates a higher tunable
frequency (typically few gigahertz), and one or more fre-
quency dividers (e.g., the main frequency divider 154 and one
or more of the auxiliary frequency dividers 156). The fre-
quency dividers generate a clock of a desired frequency. The
clock, which is typically called LO, is then used to drive
mixers (not shown).

The frequency dividers are generally used in parallel as
shown. Initially, only the main frequency divider 154 is
turned on when the transmitter 150 is turned on. When the
output power requirement of the transmitter 150 increases
and the phase noise performance starts becoming critical, one
or more auxiliary frequency dividers 156 are turned on and
added in parallel to the main frequency divider 154 by the
control module 158. Thereafter, when the output power
requirement of the transmitter 150 decreases and the phase
noise performance becomes less critical, one or more of the
auxiliary frequency dividers 156 are turned off and discon-
nected from the main frequency divider 154.

When the main frequency divider is turned on, the initial
phase of the main frequency divider is unknown. Accord-
ingly, when an auxiliary frequency divider is subsequently
turned on and added in parallel to the main frequency divider,
the phase of the auxiliary frequency divider may be in phase
or delayed by 180 degrees relative to the phase of the main
frequency divider since it is impossible to set the initial phase
of either frequency dividers.

Frequency dividers contribute substantially to the overall
far away phase noise performances (e.g., 20-50 MHz far away
from the carrier frequency) at the maximum output power
level of the power amplifier (PA) stage of the transmitters.
Phase noise decreases as the size of components of the fre-
quency dividers increases. Increasing the size of the compo-
nents, however, also increases power consumption.

The present disclosure relates to a system to synchronize
the phase of each frequency divider added to the main fre-
quency divider to the phase of the main frequency divider.
Specifically, multiple switches are used to connect internal
nodes of an additional frequency divider to internal nodes of
the main frequency divider when the additional frequency
divider is connected in parallel to the main frequency divider.
The switches are closed simultaneously. The phase of the
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additional frequency divider is synchronized to the phase of
the first frequency divider by synchronizing the operation of
the switches.

Further, when multiple frequency dividers are added to the
main frequency divider, only one additional frequency
divider is connected in parallel to the main frequency divider
at a time. A plurality of frequency dividers are not connected
in parallel to the main frequency divider at the same time. For
example, a first additional frequency divider is connected to
the main frequency divider at a first time; a second additional
frequency divider is connected to the main frequency divider
at a second time following the first time, and so on. In other
words, each additional frequency divider is sequentially con-
nected to the main frequency divider. When any additional
frequency divider is connected to the main frequency divider,
the switches that connect the internal nodes of the additional
frequency divider to the internal nodes of the main frequency
divider are closed simultaneously.

Additionally, each frequency divider connected to the main
frequency divider includes components that are smaller in
size (area) than the components of the main frequency
divider. For example, the length of the metal-oxide semicon-
ductor (MOS) devices used in the main frequency divider and
each additional frequency divider is kept the same, and the
width of the MOS devices used in each additional frequency
divider is less relative to the width of the MOS devices used in
the main frequency divider. Accordingly, the components of
each additional frequency divider connected to the main fre-
quency divider have smaller power ratings and smaller para-
sitic capacitances than the components of the main frequency
divider. The sequential operation of the switches and the
smaller area of components of each added frequency divider
ensure that each added frequency divider has substantially the
same phase as the main frequency divider when each addi-
tional frequency divider is connected to the main frequency
divider in parallel. That is, the phase of each frequency
divider added to the main frequency divider follows the phase
of the main frequency divider.

Referring now to FIG. 2B, a frequency divider 200 is
shown for example only. The frequency divider 200 divides
the frequency of a clock signal CK generated by a crystal
oscillator (not shown). The frequency of the clock signal CK
depends on the frequency band in which the transmitter oper-
ates. When the transmitter can operate in more than one
frequency band, the clock signal CK can be switched depend-
ing on the frequency band in which the transmitter operates.

The frequency divider 200 includes a master-slave flip-flop
and four switches (SW) arranged as shown. The four switches
are clocked by the clock signal CK and by a complement of
the clock signal CK (CK_b) as shown. By dividing the clock
signal CK, the frequency divider 200 generates four output
clock signals LOQ_n, LOI_n, LOI_p, and LOQ_p (collec-
tively I and Q channel clock signals) that are used to drive I
and Q mixers of a transmitter.

In a frequency divider, the phase noise can be decreased by
increasing the size (area) of the components of the frequency
divider. When the size of the components is increased, how-
ever, the power consumed by the components increases. Fur-
ther, when the transmitter is turned on (i.e., when power is
supplied to the transmitter), the frequency divider turns on,
and the initial phase of the frequency divider is unknown
since states of the master-slave flip-flops when the power is
turned on are unknown. Accordingly, when an additional
frequency divider is added to the main frequency divider in
parallel, the phase of the additional frequency divider can be
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different than the phase of the main frequency divider and can
have 180 degrees of phase delay and can corrupt the LO
signal.

Referring now to F1G. 2C, a frequency divider 250 includes
a main frequency divider 252, an auxiliary frequency divider
254, a control module 256, switches 258, and switches 260.
The main frequency divider 252 includes components having
a greater size (area) than the components of the auxiliary
frequency divider 254. For example only, let 2X and X
respectively denote the sizes of the components of the first
and second frequency dividers 252, 254. Each of the first and
second frequency dividers 252, 254 has the structure of the
frequency divider 200 shown in FIG. 2B. Accordingly, each
of the first and second frequency dividers 252, 254 has flip-
flop internal nodes AA, BB, CC, and DD.

When the transmitter is turned on, only the main frequency
divider 252 turns on, and the main frequency divider 252
divides the clock signal CK and generates the [ and Q channel
clock signals used to drive I and Q mixers of the transmitter
(e.g., mixers 114, 116 shown in FIG. 1B). In the example
shown, the [ and Q channel clock signals are inverted versions
of the flip-flop internal nodes AA through DD.

When the transmitter is turned on, the auxiliary frequency
divider 254 is kept off and is not connected to the main
frequency divider 252. Specifically, when power is initially
supplied to the transmitter, the control module 256 does not
turn on the switches 258 that supply the clock signals CK and
CK_b to the auxiliary frequency divider 254. Additionally,
the control module 256 does not turn on the switches 260 that
connect the auxiliary frequency divider 254 in parallel to the
main frequency divider 252.

When the auxiliary frequency divider 254 is to be con-
nected in parallel to the main frequency divider 252, the
control module 256 turns on the auxiliary frequency divider
254. Additionally, the control module 256 turns on the
switches 258, which supply the clock signals CK and CK_bto
the auxiliary frequency divider 254. The control module 256
sequentially turns on the switches 260 to connect the flip-flop
internal nodes AA, BB, CC, and DD of the auxiliary fre-
quency divider 254 to the corresponding flip-flop internal
nodes AA, BB, CC, and DD of the main frequency divider
252. The switches 260 simultaneously connect the flip-flop
internal nodes AA, BB, CC, and DD of the auxiliary fre-
quency divider 254 to the flip-flop internal nodes AA, BB,
CC, and DD of'the main frequency divider 252, respectively.

The switches 260 include pass transistors, which have a
small area (size) and a small parasitic capacitance. The pass
transistors therefore do not load the flip-flop internal nodes
AA, BB, CC, and DD of the main frequency divider 252 when
connecting the flip-flop internal nodes AA, BB, CC, and DD
of'the auxiliary frequency divider 254 to the flip-flop internal
nodes AA, BB, CC, and DD of the main frequency divider
252, respectively.

When the switches 260 connect the respective flip-flop
internal nodes of the first and second frequency dividers 252,
254 as described above, the flip-flop outputs of the auxiliary
frequency divider 254 have substantially the same phase as
the phase of the flip-flop outputs of the main frequency
divider 252, respectively. In other words, the flip-flop outputs
of the main frequency divider 252, which has larger compo-
nents than the auxiliary frequency divider 254, force the
flip-flop outputs of the auxiliary frequency divider 254 to
have the same phase as the phase of the flip-flop outputs of the
main frequency divider 252 when the auxiliary frequency
divider 254 is connected to the main frequency divider 252 as
described above. The phase of the flip-flop outputs of the
auxiliary frequency divider 254 follows the phase of the flip-
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flop outputs of the main frequency divider 252 regardless of
the order in which the main frequency divider 252 and the
auxiliary frequency divider 254 are turned on.

In some implementations, the main frequency divider 252
may include components having a smaller size (area) than the
components of the auxiliary frequency divider 254. For
example only, suppose that X and 2X respectively denote the
sizes of the components of the first and second frequency
dividers 252, 254. Suppose further that the main frequency
divider 252 is initially turned on when the power is supplied
to the transmitter and that the auxiliary frequency divider 254
is added as described above.

In this example, when the switches 260 connect the flip-
flop internal nodes of the auxiliary frequency divider 254 to
the respective flip-flop internal nodes of the main frequency
divider 252 as described above, the flip-flop outputs of the
main frequency divider 252 have substantially the same phase
as the phase of the flip-flop outputs of the auxiliary frequency
divider 254. In other words, the flip-flop outputs of the aux-
iliary frequency divider 254, which has larger components
than the main frequency divider 252, force the flip-flop out-
puts of main frequency divider 252 to have the same phase as
the phase of the flip-flop outputs of the auxiliary frequency
divider 254 when the auxiliary frequency divider 254 is con-
nected to the main frequency divider 252 as described above.

In some applications, more than two frequency dividers
may be used in parallel. When the transmitter is turned on, a
main frequency divider turns on. Subsequently, as power
requirement of the transmitter increases, one or more fre-
quency dividers may be turned on and connected in parallel to
the main frequency divider. Each additional frequency
divider has a smaller area than the main frequency divider and
is turned on sequentially. The additional frequency dividers
may be disconnected from the main frequency divider as the
power requirement of the transmitter decreases. Components
of the additional frequency dividers have smaller areas (and
therefore smaller power ratings and parasitic capacitances)
than the components of the main frequency divider. For
example only, the main frequency divider may have compo-
nents having an area of 2X, and each of the additional fre-
quency dividers may have components having an area of X.

Further, the transmitter may include two mixers. A first
mixer is used when the transmitter operates in a low-power
mode and is called a low-power mixer. A second mixer is used
when the transmitter operates in a high-power mode and is
called a high-power mixer. The area (size) of the components
of'the low-power mixer is less than the area of the components
of the high-power mixer.

Referring now to FIG. 3A, a transmitter 300 includes a
frequency divider 302, a first mixer 304, and a second mixer
306. Throughout the present disclosure (e.g., in FIGS. 2A,
2C, and 3A-6), only clock inputs to the mixers are shown, and
baseband inputs to the mixers are omitted for simplicity of
illustration. The first mixer 304 is a low-power mixer that is
used when the transmitter 300 operates in a low-power mode.
The second mixer 306 is a high-power mixer that is used when
the transmitter 300 operates in a high-power mode. The area
(size) of the components of the first mixer 304 is less than the
area of the components of the second mixer 306. For example
only, the area of the components of the first mixer 304 may be
3X, and the area of the components of the second mixer 306
may be 20X.

The frequency divider 302 includes a main frequency
divider 308; a plurality of auxiliary frequency dividers 310-1,
310-2, ..., and 310-N, where N is an integer greater than 1
(collectively auxiliary frequency dividers 310); switches 312-
1,312-2, . .., and 312-N (collectively switches 312); and a
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control module 314. The main frequency divider 308 includes
components having area greater (e.g., 2X) than the compo-
nents of each of the auxiliary frequency dividers 310 (e.g., X).
The components of each of the auxiliary frequency dividers
310 have the same area (e.g., X).

In some implementations, components of each of the aux-
iliary frequency dividers 310 have different area. For
example, the components of a first one of the auxiliary fre-
quency dividers 310 may have a different area than the com-
ponents of a second one of the auxiliary frequency dividers
310. The area of the components of each of the first and
second ones of the auxiliary frequency dividers 310, however,
should be less than the area of the components of the main
frequency divider 308. For example only, the area of the
components of the main frequency divider 308 may be 4X.
The area of the components of the first one of the auxiliary
frequency dividers 310 may be X. The area of the components
of'the second one of the auxiliary frequency dividers 310 may
be 2X.

The control module 314 controls the switches 312 and the
switch 316. Additionally, the control module 314 turns on and
off the auxiliary frequency dividers 310 and the first and
second mixers 304, 306. As used herein, activating or turning
on a device can include supplying power and/or clock to the
device, and deactivating or turning off a device can include
disconnecting power supply and/or clock from the device. A
device is said to be in an active mode when turned on and in
an inactive mode (also called a power-save mode or sleep
mode) when turned off.

When the transmitter 300 is turned on, the main frequency
divider 308 turns on. The control module 314 turns on the first
mixer 304 and does not turn on the auxiliary frequency divid-
ers 310 and the second mixer 306. Accordingly, at power on,
the transmitter 300 operates in the low-power mode. The
main frequency divider 308 divides the clock signal CK and
generates the I and Q channel clock signals. The first mixer
304 upconverts the baseband signals using the I and Q chan-
nel clock signals.

For simplicity of illustration, only CK is used to show the
clock signal. It should be understood that the clock signal
includes the clock signals CK and CK-b as shown in FIGS.
2A and 2B. Further, it should be understood that different
clock signals may be selected depending on the frequency
band in which the transmitter 300 operates (e.g., 2G, 3G,
etc.).

Subsequently, when more power is needed, the control
module 314 turns off the first mixer 304 and turns on the
second mixer 306 using the switch 316. Additionally, using
the switches 312, the control module 314 turns on one or more
of'the auxiliary frequency dividers 310 and sequentially con-
nects the one or more auxiliary frequency dividers 310 in
parallel to the main frequency divider 308 as described above.
For example, switches 312-1 connect the first auxiliary fre-
quency divider 310-1 to the main frequency divider 308 at a
first time; switches 312-2 connect the second auxiliary fre-
quency divider 310-2 to the main frequency divider 308 at a
second time; and so on. Each of the switches 312-1, 312-2,
etc. includes a set of switches that simultaneously connect the
internal nodes of a selected one of the auxiliary frequency
dividers 310 to the internal nodes of the main frequency
divider 308 as described above when the selected one of the
auxiliary frequency dividers 310 is connected to the main
frequency divider 308 in parallel. This is shown and described
in further detail with reference to FIG. 6 below.

The control module 314 supplies the clock signal CK to the
one or more of the auxiliary frequency dividers 310 that are
turned on. The transmitter 300 now operates in the high-
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power mode. The main frequency divider 308 and the one or
more of the auxiliary frequency dividers 310 that are sequen-
tially connected to the main frequency divider 308 divide the
clock signal CK and generate the I and Q channel clock
signals. The second mixer 306 upconverts the baseband sig-
nals using the I and Q channel clock signals generated by the
main frequency divider 308 and the one or more of the aux-
iliary frequency dividers 310. The sequential operation of the
switches 312 and the smaller area of components of the aux-
iliary frequency dividers 310 ensure that each added auxiliary
frequency divider 310 has substantially the same phase as the
main frequency divider 308 when each auxiliary frequency
divider 310 is connected to the main frequency divider 308 in
parallel.

When the power requirement of the transmitter 300
decreases, depending on the power requirement of the trans-
mitter 300, the control module 314 disconnects and turns off
(i.e., deactivates) one or more of the auxiliary frequency
dividers 310 from the main frequency divider 308. For
example only, using the switches 312, the control module 314
may sequentially disconnect one or more of the auxiliary
frequency dividers 310 from the main frequency divider 308
in an opposite order than the order in which the one or more
of'the auxiliary frequency dividers 310 were connected to the
main frequency divider 308 (e.g., divider connected last is
disconnected first, etc.).

The control module 314 may keep the second mixer 306
turned on until at least one of the auxiliary frequency dividers
310 is connected to the main frequency divider 308. When a
last one of the auxiliary frequency dividers 310 is discon-
nected from the main frequency divider 308, the control mod-
ule 314 turns on the first mixer 304 and turns off the second
mixer 306. The transmitter 300 now operates in the low-
power mode.

Referring now to FIG. 3B, a simplified block diagram of
the transmitter 300 is shown. As described above, the main
frequency divider 308 drives the first mixer 304 when the
transmitter 300 operates in the low-power mode and drives
the second mixer 306 when the transmitter 300 operates in the
high-power mode. Accordingly, the main frequency divider
308 outputs two sets of [ and Q channel clock signals. A first
set of | and Q channel clock signals drives the first mixer 304
when the transmitter 300 operates in the low-power mode. A
second set of | and Q channel clock signals drives the second
mixer 306 when the transmitter 300 operates in the high-
power mode. The second set of I and Q channel clock signals
are combined (e.g., shorted) with respective I and Q channel
clock signals generated by the one or more of the auxiliary
frequency dividers 310 when the one or more of the auxiliary
frequency dividers 310 are connected in parallel to the main
frequency divider 308. The second set of I and Q channel
clock signals, combined with the I and Q channel clock sig-
nals generated by the one or more of the auxiliary frequency
dividers 310, drive the second mixer 306 when the transmitter
300 operates in the high-power mode.

Referring now to FIG. 4, the main frequency divider 308 is
shown in detail. The main frequency divider 308 includes a
first divider 350, a second divider 352, a first buffer 354, a
second buffer 356, a third buffer 358, and a selection module
360. Each of the first and second dividers 350, 352 has the
structure of the frequency divider 200 shown in FIG. 2B.

The transmitter 300 can operate in a high-frequency band
or a low-frequency band. The control module 314 detects
whether the transmitter 300 operates in the high-frequency
band or the low-frequency band. The selection module 360
communicates with the control module 314. When the trans-
mitter 300 operates in the low-frequency band, the selection
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module 360 selects only the first divider 350 to divide the
clock signal CK (e.g., to divide by 2). When the transmitter
300 operates in the high-frequency band, the selection mod-
ule 360 selects the first and second dividers 350, 352 to divide
the clock signal CK (e.g., to divide by 4).

In either frequency band, the main frequency divider 308
outputs the first and second sets of I and Q channel clock
signals to the first and second mixers 304, 306, respectively.
The selection module 360 selects/deselects the second
divider 352 depending on the frequency band in which the
transmitter 300 operates. In either frequency band, the selec-
tion module 360 selects the first, second, and third buffers
354, 356, 358 to output the first and second sets of [ and Q
channel clock signals to the first and second mixers 304, 306,
respectively. The control module 314 operates the switches
312 to connect the flip-flop internal nodes of the first and
second dividers 350, 352 to corresponding flip-flop internal
nodes of one or more of the auxiliary frequency dividers 310.
The control module 314 activates/deactivates the first and
second mixers 304, 306 depending on whether the transmitter
300 operates in the low-power or high-power mode.

Referring now to FIG. 5, one of the auxiliary frequency
dividers 310 (e.g., the first auxiliary frequency divider 310-1)
is shown in detail. The first auxiliary frequency divider 310-1
includes a first divider 380, a second divider 382, a first buffer
384, a second buffer 386, and a selection module 388. Each of
the first and second dividers 380, 382 has the structure of the
frequency divider 200 shown in FIG. 2B.

The selection module 388 communicates with the control
module 314. When the transmitter 300 operates in the low-
frequency band, the selection module 388 seclects only the
first divider 380 to divide the clock signal CK (e.g., to divide
by 2). When the transmitter 300 operates in the high-fre-
quency band, the selection module 388 selects the first and
second dividers 380, 382 to divide the clock signal CK (e.g.,
to divide by 4).

In either frequency band, the first auxiliary frequency
divider 310-1 outputs the I and Q channel clock signals to the
second mixer 306. The selection module 388 selects/dese-
lects the second divider 382 depending on the frequency band
in which the transmitter 300 operates. In either frequency
band, the selection module 388 selects the first and second
buffers 384, 386 to output the I and Q channel clock signals to
the second mixer 306. The control module 314 operates the
switches 312 to connect the flip-flop internal nodes of'the first
and second dividers 380, 382 to corresponding flip-flop inter-
nal nodes of the main frequency divider 308. The control
module 314 activates/deactivates the first and second mixers
304, 306 depending on whether the transmitter 300 operates
in the low-power or high-power mode.

Referring now to FIG. 6, examples of connections between
the first and second dividers of the main frequency divider
308 and one of the auxiliary frequency dividers 310 (e.g., the
first auxiliary frequency divider 310-1) are shown in detail.
The flip-flop internal nodes AA, BB, CC, and DD of the first
divider 350 are simultaneously connected to the respective
flip-flop internal nodes AA, BB, CC, and DD of the first
divider 380 via the switches 312-1a when the first auxiliary
frequency divider 310-1 is connected in parallel to the main
frequency divider 308. The flip-flop internal nodes AA, BB,
CC, and DD of the second divider 352 are simultaneously
connected to the respective flip-flop internal nodes AA, BB,
CC, and DD ofthe second divider 382 via the switches 312-15
when the first auxiliary frequency divider 310-1 is connected
in parallel to the main frequency divider 308.

In the main frequency divider 308, the first divider 350
receives the clock signals CK and CK_b. The first divider 350
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divides the clock signals CK and CK_b and generates the
divided signals LOI_p, LOQ_p, LOI_n, and LOQ_n. The
LOI_p and LOI_n outputs of the first divider 350 are input to
the inputs CK and CK_b of the second divider 352, respec-
tively. The second divider 352 divides the LOI_p and LOI_n
outputs of the first divider 350 and generates the divided
signals LOI_p, LOQ_p, LOI_n, and LOQ_n.

In the first auxiliary frequency divider 310-1, the first
divider 380 receives the clock signals CK and CK_b. The first
divider 380 divides the clock signals CK and CK_b and
generates the divided signals LOI_p, LOQ_p, LOI_n, and
LOQ_n. The LOI_p and LOI_n outputs of the first divider 380
are input to the inputs CK and CK_b of the second divider
382, respectively. The second divider 382 divides the LOI_p
and LOI_n outputs of the first divider 350 and generates the
divided signals LOI_p, LOQ_p, LOI_n, and LOQ_n.

When the first auxiliary frequency divider 310-1 is con-
nected in parallel to the main frequency divider 308 and when
the transmitter 300 operates in the first frequency band, the I
and Q channel clock signals are generated as follows: Only
the first dividers 350, 380 of the main and first auxiliary
frequency dividers 308 and 310-1 are selected. The signals
LOL_p, LOQ_p, LOI_n, and LOQ_n generated by the first
dividers 350, 380 of the main and first auxiliary frequency
dividers 308 and 310-1 are combined. The combined signals
LOIL_p,LOQ_p, LOI_n,and LOQ_n are used to drive the first
and/or second mixers 304, 306. The procedure is repeated
when each one of the auxiliary frequency dividers 310 is
connected in parallel to the main frequency divider 308.

When the first auxiliary frequency divider 310-1 is con-
nected in parallel to the main frequency divider 308 and when
the transmitter 300 operates in the second frequency band, the
I and Q channel clock signals are generated as follows: The
first and second dividers 350, 380, 352, 382 of the main and
first auxiliary frequency dividers 308 and 310-1 are selected.
The signals LOI_p, LOQ_p, LOI_n, and LOQ_n generated
by the second dividers 352, 382 of the main and first auxiliary
frequency dividers 308 and 310-1 are combined. The com-
bined signals LOI_p, LOQ_p, LOI_n, and LOQ_n are used to
drive the first and/or second mixers 304, 306. The procedure
is repeated when each one of the auxiliary frequency dividers
310 is connected in parallel to the main frequency divider
308.

Referring now to FIG. 7, an example of a method 400 for
operating a transmitter is shown. Control begins at 402. At
404, control turns on only the frequency divider having a
component size 2X and does not turn on any frequency divid-
ers having a component size 1X, for example. At 406, control
drives a mixer using clock signals generated by the 2X fre-
quency divider. At 408, control determines if high transmit
power is needed. Control ends at 410 ifhigh transmit power is
not needed.

At 412, ifhigh transmit power is needed, control turns on a
first 1X frequency divider and sequentially connects flip-flop
internal nodes AA, BB, CC, and DD of the 2X frequency
divider to flip-flop internal nodes AA, BB, CC, and DD of the
first 1X frequency divider. Control combines the clock sig-
nals generated by the 2X frequency divider and the clock
signals generated by the first 1X frequency divider, and con-
trol drives the mixer using the combined clock signals.

At 414, control determines if additional transmit power is
needed. Control ends at 410 if additional transmit power is not
needed. At 416, if additional transmit power is needed, con-
trol determines if any additional 1X frequency dividers can be
used. Control ends at 410 if no additional 1X frequency
dividers can be used. At 418, if any additional 1X frequency
dividers can be used, control turns on a next 1X frequency
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divider and sequentially connects flip-flop internal nodes AA,
BB, CC, and DD of the 2X frequency divider to flip-flop
internal nodes AA, BB, CC, and DD of the next 1X frequency
divider. Control combines the clock signals generated by the
2X frequency divider, the first 1X frequency divider, and the
next 1X frequency divider and drives the mixer using the
combined clock signals. Control returns to 414.

Referring now to FIG. 8, an example of a method 450 for
operating a transmitter is shown. Control begins at 452. At
454, control turns on only the frequency divider having a
component size 2X and does not turn on any frequency divid-
ers having a component size 1X, for example. At 456, control
turns on and drives only a low-power mixer (e.g., having
component size 1X) using clock signals generated by the 2X
frequency divider. At 458, control determines if high transmit
power is needed. Control ends at 460 if high transmit power is
not needed.

At 462, if high transmit power is needed, control turns on
and connects a first 1X divider in parallel to the 2X divider,
turns on a high-power mixer (e.g., having component size
10X), and turns off the low-power mixer. At 464, control
combines the clock signals generated by the 2X frequency
divider and the clock signals generated by the first 1X fre-
quency divider, and control drives the high-power mixer
using the combined clock signals.

At 466, control determines if additional transmit power is
needed. Control ends at 460 if additional transmit power is not
needed. At 468, if additional transmit power is needed, con-
trol determines if any additional 1X frequency dividers can be
used. Control ends at 460 if no additional 1X frequency
dividers can be used. At 470, if any additional 1X frequency
dividers can be used, control turns on and connects a next 1X
divider in parallel to the 2X divider. Control combines the
clock signals the clock signals generated by the 2X frequency
divider, the first 1X frequency divider, and the next 1X fre-
quency divider and drives the high-power mixer using the
combined clock signals. Control returns to 466.

Referring now to FIGS. 9A and 9B, the teachings of the
present disclosure can be applied to frequency dividers used
in receivers as well. In FIG. 9A, a receiver 500 includes an
antenna 502, a front-end processing module 504, a downcon-
verter module 506, and a baseband processing module 508.
While a single antenna is shown, the receiver 500 may include
multiple antennas. For example only, the multiple antennas
may be arranged in a multiple-input multiple-output (MIMO)
configuration. The front-end processing module 504 pro-
cesses (e.g., amplifies, filters, demodulates, etc.) signals
received via the antenna 502. The downconverter module 506
downconverts the signals from radio frequency (RF) to base-
band frequency. The baseband processing module 508 per-
forms further processing.

In FIG. 9B, the downconverter module 506 includes down-
conversion mixers 510, 512; a local oscillator (OSC) 514; a
frequency divider (DIV) 516; and a —90° phase shifter 518.
The downconversion mixers 510, 512 downconvert the out-
put of the front-end processing module 504 from RF to base-
band frequency and generate 1 and Q channel baseband sig-
nals. The downconversion mixers 510, 512 are driven by
clock signals having a predetermined reference frequency.
The clock signals are generated by the local oscillator (OSC)
514, the frequency divider (DIV) 516, and the -90° phase
shifter 518. The teachings disclosed in reference to FIGS.
2 A-8 can be implemented in the downcoverter module 506 of
the receiver 500.

The modular frequency dividers disclosed herein can be
combined with modular mixer configurations. For example,
just as a larger frequency divider (e.g., the main frequency
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divider 308) achieves better phase noise than a smaller fre-
quency divider (e.g., one of the auxiliary frequency dividers
310), a larger mixer (e.g., the second mixer 306) can yield
larger output power in a transmitter and higher linearity in a
transmitter and a receiver. The modular frequency dividers
can be combined with parallel mixers, which may differ in
size, as follows.

In a transmitter (e.g., the transmitter 300), when multiple
frequency dividers are used to achieve low phase noise, a
large mixer (e.g., the second mixer 306) may be used for high
output power and high linearity. As phase noise requirements
are reduced as output power is reduced, linearity require-
ments may also reduce, and a smaller mixer (e.g., the first
mixer 304) may be used with a smaller frequency divider
(e.g., one of the auxiliary frequency dividers 310) to save
current in both the frequency dividers and the mixer at lower
output power levels.

For example, in FIG. 3A, when the power requirement of
the transmitter 300 decreases, depending on the power
requirement of the transmitter 300, the control module 314
disconnects and turns off (i.e., deactivates) one or more of the
auxiliary frequency dividers 310 from the main frequency
divider 308. For example only, using the switches 312, the
control module 314 may sequentially disconnect one or more
of the auxiliary frequency dividers 310 from the main fre-
quency divider 308. Additionally, when the power require-
ment of the transmitter 300 decreases to less than or equal to
a predetermined power level, the control module 314 may
turn on the first mixer 304 and turn off the second mixer 306
while at least one of the auxiliary frequency dividers 310 is
still connected to the main frequency divider 308. The trans-
mitter 300 now operates in the low-power mode.

In a receiver (e.g., the receiver 500), when multiple fre-
quency dividers are used to achieve low phase noise, a larger
mixer (e.g., the second mixer 306) may be used for high
linearity. As phase noise and linearity requirements are
reduced as received power is increased, a smaller mixer (e.g.,
the first mixer 304) may be used with a smaller frequency
divider (e.g., one of the auxiliary frequency dividers 310) to
save current in both the frequency dividers and the mixer at
higher received power levels.

Referring now to FIGS. 10A and 10B, a general represen-
tation of the frequency divider 302 (shown in FIGS. 3A and
3B) is shown. The control module 314 is omitted for simplic-
ity of illustration. In FIG. 10A, as explained with reference to
FIGS. 3A and 3B, the auxiliary frequency dividers 310 can be
sequentially connected in parallel to the main frequency
divider 308 using switches 312. The switches 312 connect
one or more nodes of each added auxiliary frequency divider
310 to respective nodes of the main frequency divider 308.
When the transmitter 300 comprising the frequency divider
302 operates in the low-power mode (e.g., when power to the
transmitter 300 is turned on), only the main frequency divider
308 is active. The auxiliary frequency dividers 310 are inac-
tive and are not connected to the main frequency divider 308.
As the power requirement of the transmitter 300 increases,
one or more of the auxiliary frequency dividers 310 are
sequentially connected in parallel to the main frequency
divider 308 using the switches 312. In the low-power mode,
while none of the auxiliary frequency dividers 310 is con-
nected to the main frequency divider 308, parasitic capaci-
tances C,, C,, C;, . . ., C, associated with the switches 312
add up and load the main frequency divider 308.

In FIG. 10B, connections between two nodes—node 1 and
node 2—of the main frequency divider 308 and correspond-
ing nodes (nodes 1 and 2) of the auxiliary frequency dividers
310 are shown. For example, node 1 of the main frequency
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divider 308 may include the flip-flop internal nodes AA, BB,
CC, and DD of the first divider 350 of the main frequency
divider 308 as shown in FIG. 6. Node 2 of the main frequency
divider 308 may include the flip-flop internal nodes AA, BB,
CC, and DD of the second divider 352 of the main frequency
divider 308 as shown in FIG. 6. Node 1 of each auxiliary
frequency divider 310 may include the flip-flop internal nodes
AA, BB, CC, and DD of the first divider 380 of the auxiliary
frequency divider 310 as shown in FIG. 6. Node 2 of each
auxiliary frequency divider 310 may include the flip-flop
internal nodes AA, BB, CC, and DD of'the second divider 382
of the auxiliary frequency divider 310 as shown in FIG. 6.

In the low-power mode, while none of the auxiliary fre-
quency dividers 310 is connected to the main frequency
divider 308, the parasitic capacitances associated with the
switches 312 add up and load the main frequency divider 308
at each node of the main frequency divider 308. The total
capacitance seen at node 1 of the main frequency divider 308
is a sum of the parasitic capacitances C,;,C,;,Cs, ..., Cyq.
The total capacitance seen at node 2of the main frequency
divider 308 is a sum of the parasitic capacitances C,,, C,,,
Ciz ooy Caooe

The parasitic capacitance at each node of the main fre-
quency divider 308 can be reduced. Specifically, the connec-
tions of the switches 312 can be configured such that the
parasitic capacitance at each node of the main frequency
divider 308 is reduced in the low-power mode. More specifi-
cally, the connection between the first switch, which connects
the first auxiliary frequency divider 310-1 to the main fre-
quency divider 308, and the remaining switches, which con-
nect the remaining auxiliary frequency dividers 310 (i.e.,
310-2 through 310-N) to the main frequency divider 308, can
be modified. The modified connection presents the main fre-
quency divider 308 with the parasitic capacitance associated
with only the first switch when none of the auxiliary fre-
quency dividers 310 is connected to the main frequency
divider 308 in the low-power mode.

Referring now to FIGS. 11A and 11B, the modified con-
nection between the first switch, which connects the first
auxiliary frequency divider 310-1 to the main frequency
divider 308, and the remaining switches, which connect the
remaining auxiliary frequency dividers 310 (i.e., 310-2
through 310-N) to the main frequency divider 308 is shown.
In FIG. 11A, the modified connection is shown for only one
node. In FIG. 11B, the modified connection is shown for two
nodes. In FIGS. 11A and 11B, all of the components, includ-
ing the control module 314, which is omitted for simplicity of
illustration, operate as described with reference to FIGS.
3A-9B. The only difference is the modified connection of the
switches 312 as shown in FIGS. 11A and 11B.

InFIG. 11 A, switches 312" are used to sequentially connect
the auxiliary frequency dividers 310 to the main frequency
divider 308. A first conductor 600 has a first end connected to
a node of the main frequency divider 308, and a second end.
A first switch 312-1' of the switches 312' has a first end
connected to the second end of the first conductor 600, and a
second end connected to a node of the first auxiliary fre-
quency divider 310-1. In other words, the first end of the first
switch 312-1' is connected to the node of the main frequency
divider 308, and the second end of the first switch 312-1' is
connected to the node of the first auxiliary frequency divider
310-1. A second conductor 602 has a first end connected to
the second end of the first switch 312-1', and a second end.
The first ends of the remaining switches 312, which are used
to connect the remaining auxiliary frequency dividers 310
(i.e., 310-2 through 310-N) to the main frequency divider
308, are connected to the second end of the second conductor
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602. The second ends of the remaining switches 312' are
respectively connected to the nodes of the remaining auxil-
iary frequency dividers 310.

In other words, the first ends of the remaining switches 312
are connected to the second end of the first switch 312-1", and
the second ends of the remaining switches 312' are respec-
tively connected to the nodes of the remaining auxiliary fre-
quency dividers 310 (i.e., 310-2 through 310-N). In the low-
power mode, when none of the auxiliary frequency dividers
310 is connected to the main frequency divider 308, the
capacitance seen at the node of the main frequency divider
308 is only C1.

In FIG. 11B, a first conductor 600-1 has a first end con-
nected to the first node (node 1) of the main frequency divider
308, and a second end. A first switch 312-1a' of the switches
312' has a first end connected to the second end of the first
conductor 600-1, and a second end connected to the first node
(node 1) of the first auxiliary frequency divider 310-1. In
other words, the first end of the first switch 312-1a' is con-
nected to the first node (node 1) of the main frequency divider
308, and the second end of the first switch 312-14' is con-
nected to the first node (node 1) of the first auxiliary fre-
quency divider 310-1.

A second conductor 602-1 has a first end connected to the
second end of the first switch 312-14', and a second end. The
first ends of the remaining switches 312', which are used to
connect the first nodes of the remaining auxiliary frequency
dividers 310 (i.e., 310-2 through 310-N) to the first node of
the main frequency divider 308, are connected to the second
end of the second conductor 602-1. The second ends of the
remaining switches 312', which are used to connect the first
nodes of the remaining auxiliary frequency dividers 310 to
the first node of the main frequency divider 308, are respec-
tively connected to the first nodes (nodes 1) of the remaining
auxiliary frequency dividers 310.

In other words, the first ends of the remaining switches
312', which are used to connect the first nodes (nodes 1) of the
remaining auxiliary frequency dividers 310 to the first node
(node 1) of the main frequency divider 308, are connected to
the second end of'the first switch 312-14'". The second ends of
the remaining switches 312', which are used to connect the
first nodes (nodes 1) of the remaining auxiliary frequency
dividers 310 to the first node of the main frequency divider
308, are respectively connected to the first nodes (nodes 1) of
the remaining auxiliary frequency dividers 310 (i.e., 310-2
through 310-N).

A third conductor 600-2 has a first end connected to the
second node (node 2) of the main frequency divider 308, and
a second end. A first switch 312-14' of the switches 312" has
a first end connected to the second end of the second conduc-
tor 600-2, and a second end connected to the second node
(node 2) of the first auxiliary frequency divider 310-1. In
other words, the first end of the first switch 312-15' is con-
nected to the second node (node 2) of the main frequency
divider 308, and the second end of the first switch 312-14' is
connected to the second node (node 2) of the first auxiliary
frequency divider 310-1.

A fourth conductor 602-2 has a first end connected to the
second end of the first switch 312-15', and a second end. The
first ends of the remaining switches 312', which are used to
connect the second nodes (nodes 2) of the remaining auxiliary
frequency dividers 310 (i.e., 310-2 through 310-N) to the
second node (node 2) of the main frequency divider 308, are
connected to the second end of the fourth conductor 602-2.
The second ends of the remaining switches 312', which are
used to connect the remaining auxiliary frequency dividers
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310 to the main frequency divider 308, are respectively con-
nected to the second nodes (nodes 2) of the remaining auxil-
iary frequency dividers 310.

In other words, the first ends of the remaining switches
312', which are used to connect the second nodes (nodes 2) of
the remaining auxiliary frequency dividers 310 to the second
node (node 2) of the main frequency divider 308, are con-
nected to the second end of the first switch 312-15'. The
second ends of the remaining switches 312', which are used to
connect the second nodes (nodes 2) ofthe remaining auxiliary
frequency dividers 310 to the second node (node 2) of the
main frequency divider 308, are respectively connected to the
second nodes (nodes 2) of the remaining auxiliary frequency
dividers 310.

In FIG. 11B, in the low-power mode, none of the auxiliary
frequency dividers 310 are connected to the main frequency
divider 308. In the low-power mode, the capacitances seen at
nodes 1 and 2 of the main frequency divider 308 are respec-
tively only C11 and C12.

Referring now to FIG. 12, a method 650 for connecting a
main frequency divider and a plurality of auxiliary frequency
dividers to reduce parasitic capacitance at a node of the main
frequency divider is shown. At 652, a first end of a first switch
is connected to a node of a main frequency divider. At 654, a
second end of the first switch is connected to a node of a first
auxiliary frequency divider. At 656, first ends of a plurality of
switches are connected to the second end of the first switch. At
658, second ends of the plurality of switches are connected to
respective nodes of the plurality of auxiliary frequency divid-
ers. At 660, in low-power mode, none of the auxiliary fre-
quency dividers are connected to the main frequency divider
(i.e., the first switch and the plurality of switches are open). At
662, in high-power mode, the first auxiliary frequency divider
is initially connected to the main frequency divider by closing
the first switch. As additional transmit power is required, one
or more of the plurality of auxiliary frequency dividers are
subsequently sequentially connected to the main frequency
divider by sequentially closing one or more of the plurality
switches. In the low-power mode, when none of the auxiliary
frequency dividers are connected to the main frequency
divider (i.e., when the first switch and the plurality of switches
are open), the parasitic capacitance at the node of the main
frequency divider is reduced.

The foregoing description is merely illustrative in nature
and is in no way intended to limit the disclosure, its applica-
tion, or uses. The broad teachings of the disclosure can be
implemented in a variety of forms. Therefore, while this
disclosure includes particular examples, the true scope of the
disclosure should not be so limited since other modifications
will become apparent upon a study of the drawings, the speci-
fication, and the following claims. For purposes of clarity, the
same reference numbers will be used in the drawings to
identify similar elements. As used herein, the phrase at least
one of A, B, and C should be construed to mean a logical (A
or B or C), using a non-exclusive logical OR. It should be
understood that steps within a method may be executed in
different order without altering the principles of the present
disclosure.

Asused herein, the term module may refer to, be part of, or
include an Application Specific Integrated Circuit (ASIC); an
electronic circuit; a combinational logic circuit; a field pro-
grammable gate array (FPGA); a processor (shared, dedi-
cated, or group) that executes code; other suitable compo-
nents that provide the described functionality; or a
combination of some or all of the above, such as in a system-
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on-chip. The term module may include memory (shared,
dedicated, or group) that stores code executed by the proces-
sor.

The term code, as used above, may include software, firm-
ware, and/or microcode, and may refer to programs, routines,
functions, classes, and/or objects. The term shared, as used
above, means that some or all code from multiple modules
may be executed using a single (shared) processor. In addi-
tion, some or all code from multiple modules may be stored
by a single (shared) memory. The term group, as used above,
means that some or all code from a single module may be
executed using a group of processors. In addition, some or all
code from a single module may be stored using a group of
memories.

The apparatuses and methods described herein may be
implemented by one or more computer programs executed by
one or more processors. The computer programs include pro-
cessor-executable instructions that are stored on a non-tran-
sitory tangible computer readable medium. The computer
programs may also include stored data. Non-limiting
examples of the non-transitory tangible computer readable
medium are nonvolatile memory, magnetic storage, and opti-
cal storage.

What is claimed is:

1. A system comprising:

a first frequency divider configured to divide an input fre-
quency of an input signal to generate a first signal having
a first frequency and a first phase;

aplurality of second frequency dividers each configured to
divide the input frequency of the input signal to generate
a second signal having the first frequency and a second
phase;

a first switch including a first end connected to a first node
of the first frequency divider, and a second end con-
nected to a second node of a first one of the plurality of
second frequency dividers; and

a plurality of second switches including first ends con-
nected to the second end of the first switch, and second
ends respectively connected to the second nodes of the
plurality of second frequency dividers other than the first
one of the plurality of second frequency dividers,

wherein in response to the first switch being open, a capaci-
tance at the first node of the first frequency divider is a
capacitance associated with the first switch.

2. The system of claim 1, wherein:

the first frequency divider includes a first plurality of com-
ponents connected to the first node; and

each of the second frequency dividers includes a second
plurality of components connected to the second node.

3. The system of claim 2, wherein:

the first plurality of components of the first frequency
divider has a first area; and

the second plurality of components of each of the second
frequency dividers has a second area that is less than the
first area.

4. The system of claim 2, further comprising a control
module configured to sequentially connect the plurality of
second frequency dividers in parallel to the first frequency
divider by initially closing the first switch and subsequently
closing one or more of the plurality of second switches.

5. The system of claim 4, wherein in response to the control
module connecting the plurality of second frequency dividers
to the first frequency divider, the second phase of the second
signal generated by the plurality of second frequency dividers
matches the first phase of the first signal generated by the first
frequency divider.
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6. The system of claim 4, wherein the first frequency
divider includes a third plurality of components connected to
a third node, and each of the plurality of second frequency
dividers includes a fourth plurality of components connected
to a fourth node, the system further comprising:

a third switch including a first end connected to the third

node, and a second end connected to the fourth node of
the first one of the plurality of second frequency divid-
ers; and

aplurality of fourth switches including first ends connected

to the second end of the third switch, and second ends
respectively connected to the fourth nodes of the plural-
ity of second frequency dividers other than the first one
of' the plurality of second frequency dividers.

7. The system of claim 6, wherein the control module is
configured to initially close the third switch with the first
switch and close one or more of the plurality of the fourth
switches respectively with the plurality of second switches.

8. The system of claim 6, wherein:

the first and third plurality of components of the first fre-

quency divider has a first area; and

the fourth plurality of components of each of the second

frequency dividers has a second area that is less than the
first area.

9. The system of claim 7, wherein:

in response to the control module not closing the first

switch and the plurality of the second switches, a capaci-
tance at the first node includes a parasitic capacitance of
only the first switch; and

in response to the control module not closing the third

switch and the plurality of the fourth switches, a capaci-
tance at the third node includes a parasitic capacitance of
only the third switch.

10. The system of claim 2, further comprising a mixer
configured to upconvert a transmit signal using a clock signal,
wherein the clock signal includes the first signal generated by
the first frequency divider and the second signal generated by
the one of the second frequency dividers.

11. The system of claim 10, wherein each of the first and
second frequency dividers is further configured to:

divide the input signal by a first factor when the transmit

signal is transmitted in a first frequency band; and
divide the input signal by a second factor when the transmit
signal is transmitted in a second frequency band,
wherein the second factor is different than the first factor,
and

wherein the second band is different than the first band.

12. The system of claim 4, further comprising:

afirst mixer configured to upconvert a transmit signal using

a first clock signal, wherein the first clock signal
includes the first signal generated by the first frequency
divider; and

a second mixer configured to upconvert the transmit signal

using a second clock signal, wherein the second clock
signal includes the first signal generated by the first
frequency divider and the second signal generated by
each of the plurality of second frequency dividers con-
nected to the first frequency divider,

wherein the control module is configured to

activate only the first mixer when the transmit signal is
transmitted at a first power level, and
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deactivate the first mixer and activate the second mixer
when the transmit signal is transmitted at a second
power level that is greater than the first power level.

13. The system of claim 12, wherein:

the first mixer includes components having a first area; and

the second mixer includes components having a second

area that is greater than the first area.

14. The system of claim 12, wherein a number of the
second frequency dividers connected in parallel to the first
frequency divider depends on the first and second power
levels.

15. A method comprising:

generating a first signal having a first frequency and a first

phase by dividing an input frequency of an input signal
using a first frequency divider;

generating a second signal having the first frequency and a

second phase by dividing the input frequency of the
input signal using a plurality of second frequency divid-
ers;

connecting a first end of a first switch to a first node of the

first frequency divider;

connecting a second end of the first switch to asecond node

of a first one of the plurality of second frequency divid-
ers;

connecting first ends of'a plurality of second switches to the

second end of the first switch; and

connecting second ends of the plurality of second switches

respectively to the second nodes of the plurality of sec-
ond frequency dividers other than the first one of the
plurality of second frequency dividers,

wherein in response to the first switch being open, a capaci-

tance at the first node of the first frequency divider is a
capacitance associated with the first switch.

16. The method of claim 15, further comprising sequen-
tially connecting the plurality of second frequency dividers in
parallel to the first frequency divider by initially closing the
first switch and subsequently closing one or more of the
plurality of second switches.

17. The method of claim 15, wherein in response to con-
necting the plurality of second frequency dividers to the first
frequency divider, the second phase of the second signal
generated by the plurality of second frequency dividers
matches the first phase of the first signal generated by the first
frequency divider.

18. The method of claim 15, wherein in response to not
closing the first switch and the plurality of the second
switches, a capacitance at the first node includes a parasitic
capacitance of only the first switch.

19. The method of claim 15, further comprising upconvert-
ing a transmit signal using a clock signal, wherein the clock
signal includes the first signal generated by the first frequency
divider and the second signal generated by the one of the
second frequency dividers.

20. The method of claim 19, further comprising:

dividing the input signal by a first factor when the transmit

signal is transmitted in a first frequency band; and
dividing the input signal by a second factor when the trans-
mit signal is transmitted in a second frequency band,
wherein the second factor is different than the first factor,
and
wherein the second band is different than the first band.
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